F
OOD restriction (FR) is known to increase longevity in rodents and to retard various age pathologies (Yu, 1994) . In addition, some studies have shown that FR increases longevity in non-mammalian species, such as fishes (Woodhead, 1985) or various invertebrate species (Fanestil and Barrows, 1965; Klass, 1977; Verdone-Smith and Enesco, 1982; Austad, 1989) . By contrast, no positive effect of FR on longevity in Drosophila melanogaster had been reported (Kopec, 1928; David et al., 1971; Medioni, 1991) until 1993, when Chippindale etal . reported that they succeeded in extending longevity in fruit flies by using FR. This study has provoked considerable attention (Graves, 1993) . Since D. melanogaster is widely used in aging research, the Chippindale et al. study could provide a new animal model to investigate the positive effect of FR. Given the discrepancy in the reported results, the study of these last authors needs confirmation. Chippindale et al. (1993) not only carried out a study of FR, but also a large-scale experiment on the effects of FR on fecundity, longevity, and starvation resistance in lines which have been reproduced at an early or an old age for many generations. Our purpose was not to replicate the whole study of Chippindale et al., but simply to verify whether FR does increase longevity. For this purpose, a well-known outbred strain, which has been used in our lab for many years in studies of aging, was chosen. Chippindale et al. only studied longevity in mated flies, but we decided to use also virgin flies, as this is the usual maintenance condition in the study, for instance, of behavioral age-related changes.
MATERIAL AND METHODS
The experimental flies were adult males and females of the wild strain Meyzieu. This strain has been maintained since 1976 by mass-mating on the standard medium (agar, sugar, corn meal, killed yeast) enriched with live yeast. Experimental flies were obtained as follows. Eggs laid during a 15-hour period (50 5-day-old pairs) were transferred by batches of 25 to 80 ml glass vials containing the medium described above. At emergence, flies with durations of preimaginal development of 9 days were transferred under ether anaesthesia to 75 ml glass vials containing the S101 medium of Pearl et al. (1926) enriched with live yeast. Vials contained either 10 males or 10 females (virgin flies), or 5 males and 5 females (mated flies). Flies were stored during their preimaginal and imaginal life in the same incubator as that where the strain is kept (model FTD 220, Vittadini, Milan, Italy; 25 ± 0.5 °C; lights on from 0800 to 2000 h, intensity about 300 lux).
The second day of life, flies were assigned to one of the following groups: 1 -no yeast: flies were kept in vials containing S101 medium without yeast; 2 -ad libitum yeast: flies were kept in S101 vials enriched with a drop of live yeast, as routinely done in our lab; 3 -low yeast level: flies were kept in S101 vials with 50 |xl of distilled water containing .75 mg of live yeast; 4 -high yeast level: flies were kept in S101 vials with 50 |xl of distilled water containing 7.5 mg of live yeast.
The yeast levels of conditions 3 and 4 are equivalent to those used by Chippindale et al. (1993) in, respectively, their "low" and "high" conditions. The main difference with their conditions is that these authors used vials containing a pair of flies, while the present experiment uses groups of 10 flies per vial. The yeast level per fly is the same in the two experiments, that is, .075 mg/fly in the low conditions and .75 mg/fly in the high conditions. Vials were renewed every afternoon and, for the low and high conditions, the amount of yeast was adjusted to the actual number of flies in each vial, in such a way as to provide the same amount of yeast per fly throughout the experiment. For instance, when a vial of the high or the low condition contained a single fly, 50 |xl of a tenfold more diluted suspension than that used at the beginning of the experiment were provided. Yeast solutions were prepared just before allotment to vials. Deaths were checked every day. For each food condition, 4 vials of virgin males (n = 40), 4 vials of virgin females (n = 40), and 8 vials of mated flies (40 males and 40 females) were used. Some flies escaped during experiment, and a few scoring errors explain that n is 41 in two groups.
Chippindale et al. used a larval density of 60-80 larvae per vial, whereas a density of 25 was used in the present study. A low constant larval density was preferred for two reasons: (a) the high density used by Chippindale et al. could induce larval crowding (e.g., Zwaan et al., 1991) ; (b) the density used by Chippindale et al. is not constant, since it varies between 60 and 80 larvae per vial, and it cannot be excluded that this uncontrolled variation has some effect on longevity. Indeed, we may think that, if FR does increase longevity, it will do so in constant conditions, and not only in low-controlled developmental conditions.
Before being submitted to a three-way ANOVA (sex, mating status, and food condition), the KolmogorovSmirnov normality test (Dagnelie, 1980) was used to check normality of longevity data in each of the 16 groups (2 sexes, 2 mating status, 4 food conditions). In each of the 16 groups, the hypothesis of normality was not rejected (p > .05). However, there is some heteroscedasticity in longevity data. Therefore, each longevity value was weighed by the residual standard deviation: as the main effects and interactions were similar to those obtained using the original values, we chose only to report the ANOVA using these original values.
RESULTS AND DISCUSSION Figure 1 shows the curves of longevity for the different groups of flies, and Figure 2 the mean longevities. The longevity values and SEM are reported in Table 1 . A threeway ANOVA showed that each factor (sex, mating status, and food condition) had a significant effect on longevity as well as all interactions (Table 2) .
Females lived for a longer time than males (mean longevity of all females: 41.42 days; males: 37.68 days), and virgin flies lived longer than mated flies (mean longevity of virgin flies: 43.68 days; mated flies: 35.39 days). The sex by mating status interaction showed that the sex effect was larger in virgin flies (males: 41.01 days; females: 46.29 days) than in mated ones (males: 34.37 days; females: 36.42 days); all these results are similar to what has been previously observed in the same or other strains (e.g., Lints et al., 1993) . In order to better analyze the effects of FR on longevity, these effects will be described for each mating condition.
In virgin flies, the longevity is rather low in the no yeast condition, which is in accordance with previous results (Alpatov, 1930) . Longevity increases in the low condition and remains at the same level for the high and ad libitum conditions, the same effect being observed in the two sexes. These results clearly show that, for virgin flies, a low yeast level is sufficient to ensure a duration of life similar to that observed when yeast is provided ad lib. On the other hand, no increase in longevity is observed in any condition, when compared to the ad lib condition. Thus, FR does not increase longevity in virgin flies.
In mated flies, the longevity is low in the no yeast condition, as it has been observed for virgin flies. Longevity increases in the low condition for mated females, but remains at a low value in males. The same longevity is observed for both sexes in the high condition, and, finally, the longevity of males is similar in the high and ad lib conditions, while it decreases in females kept with yeast ad lib. The picture is then somewhat different from that observed for virgin flies. Chippindale et al. (1993) observed the same effect of FR on the longevity of mated females. However, they showed that the longevity of flies kept in the high and ad lib conditions was lower than that of flies kept in the low condition, whereas in the present study the difference is between the ad lib condition, on one hand, and the low and high conditions, on the other hand. It seems possible to explain the results of mated females by relying on the same hypothesis as Chippindale et al. These authors considered that there was a trade-off between fecundity and longevity and showed that fecundity was strongly decreased in their low yeast condition. Fecundity was not measured in the present experiment, as it has been shown with no doubt that fecundity is decreased in underfeeding conditions (David et al., 1971; Chippindale etal., 1993) . Visual inspection of the vials confirmed that nearly no eggs were laid in the no yeast and very few in the low yeast conditions. By contrast, more eggs were observed in the high yeast condition, and the entire surface of the vials was covered with eggs in the ad lib condition. It could be that in the low condition, and to a lesser extent in the high condition, mated females did not experience a situation actually different from that of virgin females, i.e., a moderate laying activity (Boule"treau-Merle, 1988 ) and thus a low reproductive effort. In such conditions, only a slight deleterious effect of mating on longevity was observed. The picture is highly different for females fed yeast ad lib. These females had at their disposal a sufficient amount of yeast to display their maximal fecundity level, which allowed the usual effect of mating on longevity to be observed. In other words, FR did not result in an increased longevity in restricted mated females, but in an absence of longevity decrease, which is totally different. Indeed, mated females in the ad lib condition lived a shorter time than virgin females in the same condition, as it was expected (Bouletreau-Merle, 1988) .
In summary, the only effect of FR on the longevity of mated females is a decrease of longevity in the ad lib condition when compared to those living with a lower yeast level. In other words, as Chippindale et al. (1993) concluded, "restricting the level of available nutrients can give rise to increased longevity, in association with reduced fecundity." This FR effect can probably be explained by an effect on fecundity and by a possible connection between fecundity and longevity, but in no way to a direct positive effect of FR on longevity.
The previous conclusion is sustained by the absence of any positive effect of FR in mated males, contrarily to what has been observed by Chippindale et al., and in virgin flies, which were not studied by these authors. Chippindale et al. observed that mated males kept in their low yeast condition outlived those living in the high and ad lib conditions, but did not provide an explanation for this result which, obviously, cannot be related to fecundity. By contrast, the present experiment shows that mated males living in the high and ad lib conditions outlive those living in the low condition. We may explain the results of the low condition in the present experiment by the fact that this yeast level is not sufficient to maintain vital processes and to mate, while higher yeast levels are. Since a major discrepancy exists between the results of mated males of Chippindale et al. and the present ones, we hope that other investigators will bring new data to clarify this issue.
There is also a discrepancy in the literature regarding the existence of a trade-off between fecundity and longevity in arthropods submitted to FR. David et al. (1971) in D. melanogaster and Boggs and Ross (1993) in the lepidoptera Speyeria mormonia did not observe such a trade-off, whereas other results (Austad, 1989; Chippindale et al., 1993) and the present one point in another direction, even if only a visual inspection of vials was done in the present experiment.
The main conclusion of the present study is that, as previous studies have shown (Kopec, 1928; David et al., 1971; Le Bourg and Medioni, 1991) , FR does not increase longevity in D. melanogaster. For the time being, there is only one study pointing in another direction, that of Chippindale etal. (1993) .
